Rickettsia prowazekii is an obligate intracellular bacterium which grows freely in the cytoplasm of its eucaryotic host cell. The organism, which causes epidemic typhus in humans, multiplies within the endothelial cells lining the capillaries.
We recently reported that lymphokines obtained from antigen-or concanvalin A-stimulated mouse spleen cell cultures inhibited the survival and growth of R. prowazekii within mouse fibroblasts (12) . Concanavalin A-stimulated human peripheral blood mononuclear cells also produced lymphokines which inhibited rickettsial growth in human fibroblasts (12) . The antirickettsial lymphokines were species specific, and the antirickettsial activity (ARA) induced in mouse fibroblasts by mouse lymphokines was suppressed when an inhibitor of eucaryotic protein synthesis was added to the fibroblasts along with the lymphokines. Such antirickettsial lymphokines could play an important role in controlling rickettsial infection.
Interferons (IFNs) require cellular protein synthesis for expression of antiviral activity to occur in the treated cells (10) . Many IFNs also manifest species specificity or species preference (6) , and when the cells of two species are cultured together in the presence of IFN to which only one of the cell types is sensitive, the insensitive cell type may acquire viral resistance (1, 2) . Mouse spleen cell cultures stimulated with T-lymphocyte mitogens such as concanavalin A produce IFN--y, which is labile at pH 2 (9, 11, 15) . In contrast, IFN-a and -,B (type I IFNs) are produced by cultures of mouse fibroblasts after virus induction and are stable at pH 2 (11, 15) . Inhibition of the growth of Richettsia akari in mouse fibroblasts by pH 2-stable, virus-induced IFN has been reported by other researchers (5 Rickettsiae. R. prowazekii was grown in 6-day embryonated, antibiotic-free hen eggs (Truslow Farms, Chestertown, Md.) inoculated from a seed pool prepared from yolk sac passage 275 of the E strain. Rickettsiae were harvested and purified from infected yolk sacs 8 days after inoculation as described previously (12) . Rickettsiae were stored at -70°C in 0.2-ml samples. Viable rickettsiae were enumerated by the antibody hemolysis method of Walker and Winkler (13) .
Preparation of lymphokines. Lymphokines were prepared by culturing mouse spleen cells with concanavalin A for 48 h as described previously (12 (14) . All treatments were done in duplicate at each time point. Slides were examined microscopically with an oil immersion objective, and the number of rickettsiae present in each 100 cells was counted for each duplicate of each treatment. When a cell contained more than 100 rickettsiae, it was assigned a value of 100; this practice causes an underestimate of the number of rickettsiae at later times. The percentage of cells infected with rickettsiae (%R) and the average number of rickettsiae per infected cell (RI) were determined. Many of the data were normalized to the zero time infection; e.g., RI at a given time divided by RI at zero time multiplied by 100 gives RI as a percentage of that observed at zero time.
Rapid method for assay of ARA. In experiments involving treatment of mouse lymphokines at pH 2, at various temperatures, or with trypsin, ARA was assayed by the rapid method previously described (12) . Briefly, irradiated L929 cells were treated before and after rickettsial infection with dilutions of the lymphokine preparation to be assayed and were examined 48 h after infection with rickettsiae. Cells were scored positive for rickettsial growth if they contained 10 Fresh suspensions of irradiated L929 and FSK cells were infected with R. prowazekii and washed, and 100 p.1 (2 x 104 cells) of either infected-cell suspension was added to the appropriate chambers (final lymphokine concentration = 6.7%). Samples of the infected-cell suspensions were immediately cytocentrifuged onto microscope slides in a Cytospin SCA-0031 cytocentrifuge (Shandon Southern Instruments, Inc., Sewickley, Pa.), dried, fixed, and stained as described above. %R and RI at 0 h were determined for each cell suspension. The chamber slides were reincubated for 48 h, after which they were dried, fixed, and stained. Two hundred cells in each chamber on triplicate slides were examined for rickettsiae: the cells containing 20 or b Samples of lymphokines were adjusted to pH 2 with 1 N HCI and were allowed to stand at 4°C for 24 h. Lymphokines were then dialyzed against Eagle minimum essential medium and sterilized by filtration.
' A 2.5-ml volume of lymphokine supernatant was incubated with 50 U of trypsin attached to cross-linked beaded agarose (Sigma Chemical Co., St. Louis, Mo.) for 90 min at 37°C with constant agitation. more rickettsiae were scored positive for rickettsial growth.
RESULTS
Effect of heat, trypsin, and pH 2 treatments on ARA and IFN in mouse lymphokines. Both ARA and IFN in concanavalin A-induced mouse lymphokines were relatively stable to heating at 56°C for 30 min, whereas both activities were destroyed by heating at 80°C for 10 min (Table  1 ). In addition, both ARA and IFN were destroyed by exposure to pH 2 for 24 h and by incubation with trypsin.
Effect of incubation with rabbit anti-mouse interferon-'y on ARA and IFN in mouse lymphokines. Table 3) . Pretreatment of L929 cells with type I IFNs had no effect on the initial rickettsial infection: the values for %R and RI in IFN-treated and control cultures at 0 h were comparable. In addition, treatment of L929 cells with as many as 948 IU of IFN per 0.3 ml had little or no effect on either %R or RI at 24 and 48 h after infection, in comparison with the control values for these parameters (all expressed as percentages of the values observed at 0 h) ( Table  3) . In sharp contrast, mouse lymphokines containing as few as 7 to 15 IU of IFN--y per 0.3 ml markedly inhibited rickettsial growth ( Table 2) .
Acquisition of ability to inhibit rickettsial growth by human FSK cells cocultured with mouse L929 cells treated with mouse lymphokines. In the experiments shown in Table 4 a Normal rabbit serum (NRS) and rabbit anti-mouse interferon-y sera (AIRS-1 and AIRS-2) were heat inactivated at 56°C for 30 min, diluted in Eagle minimum essential medium supplemented with 10% calf serum, and incubated with lymphokines or additional tissue culture medium for 1 h at 37°C. The mixtures were then assayed for IFN and used to treat L929 cells before and after infection with rickettsiae. %R and RI at 48 h after infection are expressed as percentages of the values observed at 0 h. At 0 h, %R ranged from 67 to 90, x = 82), and RI ranged from 2.4 to 3.6 (x = 3.0). The data shown were collected in three experiments. ND Shirahata and Shimizu (8) , who reported that antigen-stimulated cultures of mouse spleen cells produced a factor which inhibited the growth of Toxoplasma gondii in mouse L929 cells and had certain properties in common with IFN--y. These workers found that virus-induced IFN had no effect on the growth of T. gondii (8) .
The results of our experiments with rabbit anti-mouse IFN-y are consistent with the idea that ARA in mouse lymphokines is due to IFN--y. However, alternative explanations for our results are possible. Since both of the antisera used were prepared against partially purified IFN--y (7, 9), ARA might have been neutralized in our experiments by antibodies to a factor which copurified with IFN--y. We are currently fractionating samples of mouse lymphokines to more fully characterize the factor(s) responsible for inhibiting rickettsial growth and to determine its mechanism of action.
